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Abstract: This study takes the “securities trading system” of the Shanghai Stock Exchange as a business scenario to study the
optimization algorithm of the high-performance consortium blockchain. based on the research of the key technologies of the consortium
blockchain and the business of the securities transaction system, this study proposes a design of the consortium blockchain architecture
and conducts a detailed analysis of the key technologies that can improve the performance of the consortium blockchain, such as
separation of business logic and consensus, optimization of storage, and optimization of digital signature verification (including merger
verification and GPU acceleration). Finally, the study conducts a series of comparative experiments to verify the effectiveness of these
optimization strategies.
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Fig.5 Users or organizations query transaction information
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Fig.6 Multi-order packagesignature
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I5X =2(PQ, +Q,P)(PQ, +aPQ,) + 4bPZZQZ2 -G,(PQ,-Q,P)
P,=(PQ,-QP)
Q, =(Q7-aQ?)*-8bQ,Q}
Q, =4(QQ,(Q} +aQ?) +hQ;)

BT 0L A D o 423 0 9238 S5 2O e S T e AT A I W S KRR R T Sk T AT B R AT
I FL R AT 47 BRI 5 T 12 S 10 T 2 45 A 145 H T FRAT (0 I3 1 2 A ol v 0

3 XWBEREHM

R I 3 22 AT bl S50 Sk SR DL AL SRS X R G BEFE T A RbE. RSO A 3.1 W TEANA A T AR IR S
I HAREC B RIFR bR, 26 3.2 J7~230 3.4 54 A2 0 Tk 45 12 48 5 314y B8 L A7 il D0 A TN B0 25 44 S AR A SR 4tk
AESZ M LS8, 55 3.5 19 ~20 3.9 W RFI AT 7799 A, FTAI Al DXER AN . 4% Sl 38 F iy 9 25 DR 38 )
16 S A M RE s )
31 LEWIRE
3.1.1 EREIIE
(L) & s AL E (LR 2);
(2) Hyperchain 75 g BC & A R SLEK SR G WK = B 55 2% AR 95 A R 3 55, S 56 25 SR 2 PR 2R B I A 45
o, LR E W R
o MLE 1:4 & kg5, Hyperchain BRAC KT mi RS A0 & 8 516 1% 32G = )IR4s#% (bt Y S2, WL
% 3);
o E 2:KTF 4 EMRSE AT 2 MM A 5116 1% 16G = RS 2E(FrvERL S1, 3% 4)
o fiLE 3T HEZ GPU WA MNR, A 5 :CPU 28 #% 56G I % (GN2).

(P.Q)=((P.P).(Q,.Q,) =(P+Q,2Q) = (6)

Table 2 Test environment of the client side
Fz 2 K/ umAIR L
BLEs4(IP)  CPUINAE M AT

B! 41%/8G  2.4ghz CentOS 7.1
T2 4 ¥/8G 2.4ghz  CentOS 7.1
TR3 41%/8G  2.4ghz CentOS 7.1
AT 4 41%/8G  2.4ghz CentOS7.1

Table 3 Standard S2 server configuration
F 3 hrdELY S2 RS ARIC E

Hles4(IP)  CPUINTE M B R
Al 16 1%/32G  2.4ghz  CentOS 7.1
T2 16 #/32G  2.4ghz  CentOS 7.1
a3 16 #%/32G  2.4ghz  CentOS 7.1
i 4 16 1%/32G  2.4ghz  CentOS 7.1

Table 4 Standard S1 server configuration
FT 4 FRUETY SRS ARILE
HLEE 44 (IP) CPU/WAE M 8IS

Rl 16 #%/32G  2.4ghz  Cent0S 7.1
1552 16 #/32G  2.4ghz  Cent0S 7.1
3 16 #%/32G ~ 2.4ghz  CentOS 7.1

FWlin(CkKT 4) 16 #/32G  2.4ghz  Cent0S 7.1




1588 Journal of Software #fF%4% Vol.30, No.6, June 2019

3.1.2 MBI E
ARSI T I 555 W 2 H dh BE an¥e 7 iR, 2218828 T Hyperchain P& 7 /A7 207 i 9 s T k0%
A 5 R, 2k B T3 Hyperchain =5 fUR1 250 7 3 45 AL

Hyperchain® &

Fig.7 Multi-order packaging verification
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i FH Hyperchain SZIL1) EVM ERIHLR AT S .

MF 5 I 6 AT 40Kk 45 38 45 R R 40 35 44K 9 Hyperchain 7 & R b A BARTH R GLIE1T 14
BRI, TPS A1 Latency PEREACR 70 5l T T 18.5 il 17 %, RG¢ia 1T 5 704, TPS Al Latency 737l #2 71 T 18.7
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Table 5 Impacts of separation architecture of business logic and consensus on system throughput
&5 LSRR ML) B AT R G A A

R GEIE AT I A (min) 7y 5 (TPS) A5y 85 (TPS)
1 15621 800
5 15 702 798

Table 6 Impacts of separation architecture of business logic and consensus on system latency
F 6 NSRRI B AR 0T R G TR IR R

F 835 4T I 7] (min) 43 25 (ms) A3 B3 (ms)
1 35 627
5 34 629

3.3 TFhEMILIT LI

Hyperchain SR X Bk 55 A7 AL TR 4 2 SR o FRAE T SN0 55 R AT AL 5, 19 s A B AT 28 5, i LA
i RAE At DX U B A TRAEAEAE 5 PAT &5 SR AH DG B A1l b o e A7 A UL AT )5 R Ge ) TPS Al Latency
SR U AIE AT it AL KT R G0 1 BEAR T 1 R R

MF 7 FIZE 8 WA, RZIE4T 1. 5. 10, 15 Fl 30 4380, R TPS Fil Latency b Fa e, JE LW B3N
KRG DL NS J5 , TPS A Latency FPEBERL A 34T T 27.3%F0 28.7%, R 401t Ge15 2] T80 W BTt

Table 7 Impacts of storage optimization on system throughput

RT AL R Gy i B R

RS 4TI 1A (min) AL (TPS) AL )5 (TPS)
1 15 621 19921
5 15 702 19 884
10 15 699 19 896
15 15724 19 992
30 15713 20171

Table 8 Impacts of storage optimization on system latency
F 8 AFEAALRT R GEAEIR 5% R

FYLIEAT I [ (min) DAL T (ms) LA 5 (ms)
1 35 24
5 34 25
10 34 25
15 34 24
30 34 24

3.4 HFHEZBIEMALIT LKL

341 ZITRFTREK N RGVEREIN M

AR AR AR BEAS AT 53 0055 (AT 5 (order) i, R I UIE 8 — B A8 T REXT R GE Ik RESR T (1A 24 k.

RFEEA G RAE—/MTH(1 order) i, RAMIRIAE T2 HR 9 TTALAEEAS 5 4y B+ 10 order. 20
order. 30 order BEATHE MBI, RGLAS Ty ¥ A Ik i WS . — 77 T A2 181 DAy ) 0% 213 3 1140 s g 80, 2 O I Tl A%
;53— J7 WZ PR 5 riAb 2 order BN, S 7 S AR AE A7 T SE NS 18 A AR GEAT B0 10 A A2 1 o, PR A 6
2 e RGEHIE T I RIS T 5625 1 KL

Table 9 Impacts of multi-order packaging verification on system throughput and latency

RO AT HHCR BT LI AN TR RE ) S

AT 54 order R AT 5 (TPS) 1] H1(OPS) FiEIR (ms)
1 order 22 630 22 630 22.14
10 order 21 600 216 000 23.08
20 order 20 271 405 420 24.66

30 order 18 466 553 980 27.1
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3.4.2 LT GPU [ E %45 42 o) 1 B 1) 5w
A5 %} Hyperchain 7 & SEHLH CUDA J47 A ) SM2 9% 5 GmSSL FEBEAT X Hb.GmSSL 2 — &3 T

ML R 55 35 HAN I E 3(GN2) AEA TR 1 5 (1 i IR RO 4.
% 10 I 41,GPU B A5 (¥ &t & /& CPU K25 1K) 4.5 5754 3R 11w 41,GPU 3045 (1 (3B N 8] A7 CPU
KRG — 2.
Table 10 Impacts of GPU Optimization on system throughput
2 10 GPU LA 28 G 47 k2 ¥ 52

AR GPU %% TPS CPU 5% TPS
1 46 421 9749
10 36 855 8 654

Table 11  Impacts of GPU optimization on system latency

F 11 GPU AL RS ALIR 1) 53

AR GPU %5 JiE 1R (ms) CPU %52 43R (ms)
1 21.3 57.3
10 22.4 58.9

3.5 TR ARSEMEMFME

T BRI, 6 R T BN 2 T UM 4 Hh 28 By 5 N ) IR S A AR R IR AN ) S IR R Gk e
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Fig.8 Number of nodes impact on system throughput Fig.9 Number of nodes impact on system latency
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3.6 Batch timext R4 14 88 RIS
EMR S ARIEE 1 B4 N, 3R 12 Al %0, X BT I (Rl 6 R GEbE RE AT 15 3 S .
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Table 12 Impacts of batch time on system throughput and latency
F 12 X UATELIN A0 FR S8 Mk REIK 0

Batch time (ms) ik 5 (TPS) R YEIEIR (ms)
50 21108 23.58
100 20 898 23.98
200 20573 24.20
500 21 600 23.08
1000 20 282 24.6

3.7 Batch sizeXt R IERERI SN

LE RSS20 E 1(4 3 A4, t1 &l 10 7] %0,Batch size /MT 200 J5 TPS % @35 KB i [&l 11 7 4%0,Batch
size 8K AL IR R v IR TR DA DX 7 A SR AR A IR AT R A, 52 I 45 i T (1 P A, 12 B Batch size 8K AT B A 1
.34 I 200~500 2E58 5y 1 Jy IX B /N Ay 4.

22000 1 401
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20000 -
. 30
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18000 1 £ 251
e =
F 16000 ] % 201
14000 - 3 7
10 4
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XA XRAN
Fig.10 Size of each blockimpacts on Fig.11 Size of each block impacts on
system throughput system latency
F10  DXCHOR /NG 22 40 A i ) S i K11 XN R G SE IR (1 5

3.8 MLEEIRX ARG RERI SN
6 UE 5 55 2 1) R P 2 0 1P 7 A4 5 W) ) B K A A A ik B AR AR e, I A IR AT N A b
LINUX () TR ARG T 9 R 2R
HI 3 13 W I, BE A W) 4 SE 6] (132 T, R 48 TPS g AT 1 [, Latency Sl $& TH 75 W9 £ 4E I oK 145 1 500ms LU=,
) SR B N A AZ 5 Tk I AT
Table 13  Network delays impacts on system throughput and latency
F 13 WS ILIR X R G0 1k B S

%4 £ SiE I8 (ms) A HE §(TPS) ARSI (ms)
0 8949 57.3
50 8524 259.8
100 8399 463.7
200 7487 933.7
500 — —

39 WRMELIEEHLM

FENRSS EGHICE 1A Nt 1B 12 W] %0, 47 960 TPS A 2% B0 AE 4 1 i O 1, 10MB 715 58 U f 642TPS;
500MB ‘i i I, it i AR S90S 45 Ak 255 o 1T .3 ] i A ol 58 140 98, 2 98 A0 308 A0 25 9 /I T, o 26 e 5 IR 1 DG B
AR IR EERN R
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Fig.12 Bandwidth impacts onsystem throughput Fig.13 Bandwidthimpacts on system latency
12 Al 58 R/ R Gy B S 13 Al 8 K/ R G TR Y 5 )

4 REERE

AT EWEIT T I X PR R B THE TR 3R R BOARAE £ IR T s M AR & R v Ty 5 0R
R T Java ke RGEIFHEAT T PERENR AT FEPE DA P AL AE AR RHIE SR AT 5 AT 5 A R S
() Ak 3L 34 JEE AT LLIA £ 20 J7 15 AEAN A 5 Bk . DB /N R 26 SE IR 1) 25 11 A R DR UE TE A 1 A0 e 1 P

ARKIANTRE RELIRZR FPGA. Tl 55 AR 25 50 A A DXL QU 149 AH 5% 02 3l 25 A8y 52— A Al K ¢
AR TS N EAT R AR 23, B A BT A DR A R 38 A 4 S5 A P RO 95 2R A T 3t — 20 e T Ik
WHE RGP RE. H T, 3T O 20K SORBE AN 55 32 S AT BEDRIEAT 70 B, AT 1 e L BRI T G IRBE B L AR
B 7 73 2 J IR FE PR ER T AN 52 AT 803 1R 538 Wiy AR AT R B R UL AN A7 i A Bl Al ] it — 2B 7 0 ROk
AT LAME ] FPGA ) 5T 2 Jin s 553k 5 A 2 E o Bl AT S v PR RE PO DAL by T % B 2 B 20 5 HL - PR 1)
RARABLE LU FPGA 5 Y (13 /K 2 JFAT 4 3, 5 A 2 S0 AE FPGA IR SEBLBE 5 B A0 U R % FPGA 1 4= i 1k
RE, [F) I LRAFF AL 98 1K 9547 B2 10 H FPGA A 5 B TERE L FRIT AN T CPU 55 GPU, L = /e BT 55 E A S ik fig
J3 DIk A FPGA SEHIL S 5 2% VA BE A 4R T SR IR 1R RE.
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